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tatvmvni of Work
Ohjyv kivo	 W
The ohlt'rt ivv of this invest igat ion Is to vvaivat y the applicabilit y of
vIvetl'olt1.1t'nut it' dtup-soundingexper i ments using natural sources in the
ii-,nt'tospht`rt' by invorl ►or..tintt M.lq"at dal i with other l;toplivnicAl data.
The inve s tigator sh all pursue the ahovv oh ivvt ivv through an .Ina l vs1m of
Magsat `atel l ite data, gro""d-baNvd magn e tic observations, appropriate
rvierv"ct' l ivid models, and other satin l Itt' data.
The oblvet ivv will by I ►urbtwd b y gcoking the optimal combination of
ohmervat ion`. which 1vAd 1 II nt to .1 r, obal, And iht'n to a regional.
t'haractori '.It ion of I 1 c 'lldln'l ivit y t't t he Iart h's llppvr mant Iv.
To s
The following tasks shall hl' pvrlurmvd Ir y the invo5ti t ', ator in 1 n itillmt'nt
of the above objective:
A. data	 from mAo,.At _,tolIit y	to constrain	 .1 lent'.-pvrital
global	 "rt`sVonnv unction"	 !oi the average Faith	 at	 low lat itudes	 over
a	 period ranging	 t tom	 t,	 hoot	 , to	 ?I	 days.
S. ti\'nchro"Ov	 the M.It'nat data	 with low-lal.Mile grolllld-hased
obtit`rvator y data	 to	 t1vt ► 'rlllillk' the	 Verti.',Il t.radiont	 of tilt'	 rt`r+I ► t`t'tivt'
mat;nt'tic t I&A components. 	 Unc the	 vertical gradlunt	 of the appropriate
components to	 Independent Iv	 asevrt.lin the :a`l ArAt I ' M	 of vxtvrnal	 and
111(crilal I	 icid
	
colilt	 ihut	 iolls.
V.	 Svgrvga t y
 th e M.1gnat vlvcl ro111.11'nol 1e lo rcnIh t nse ( "not i ons"
according to Lhv levtonie regime at tilt' Wi ll ► s t.11rldcv and evaluate
svnLem.lt it' dil lerv"evs hetwuvn rvgions hAving lateral ,ce.11e sizes oil
the order of 1000 kill t i t, t;rcator.
d. '1'heoret ical lv evaluate prohlvmS of rvsolut io" and interpmation
1Volving elt`Ctrom .lgnM is induction hi; temporally and >pdt ial ly-varving
,',.1 ►',Ift't^"^I^heric source! , in a roLat 09	 I'..Irlh as observed At.
arbitrar y points in .:pAcv.	 Use lhunv 11worvt 1cal studies to constrain
the interpretation of ,1.1,'••.11 data an well An to propose further applica-
tions of natoll itt'-basvd olveLromagnt. t Lic dt p-`+otlnding vxpvritivnt5.
V.	 Integratt' thv regional response functions with outer geophysical
data in ordvr to constrain the joint InterprMation of comprehensive
physLe ► l model s.
1. Prepare and submit Lo NASA periodi c I ► rogruss report, , and a
iotailvd final report, documenting tLv resull q of this Invest igat ion.
P- --PV I
.^4.dtt`,'tlll	 .'I	 .^i i
tll, vV1 ivt'
!hV Kin, 'I f ive 01 thin 111vent i "al it'll in to vvalnatt • I 	 al'i't i,' Xi I 11 ttl
t'!t't'l1t':11.i*;tit 	 t	 lt`	 '1.'t"i°`•t'izP1,l:li*•t"`.p^t'S	 I"'t'ilt' s 	ll'^:Ri'	 n . lt lll.11	 : , .'411 ''t",	 ill	 (Itt`
t • it',	 itl.'. 1 1 1 1 01„I ill; ;t,1', - al	 lial I wll(1 .'t1111	 data.
Apo .' it'll
Till° ilvvst lt,.tltit , .;hnI I pul +llt' Ilit' al'o%V t'i 10, t iv't` hilt"Inh an anAIv q in  ttl
;t,l l 'ti.Il
	
.;a l t' I I i l t• tia l .1, 	 1',I 0i111t1 l t .i',thl iiia ".11t't i t' oh:;t't vat i o ns,	 appi 1'I t l' fat t'
l t•1t'Ct'ncv livid mmit' ts t and t'tlwl hdtv ll 1lt' t1.i ta.
Me A jveI ivo to  I I l't' I'tli : h ilt "t1 li\' m? 	 l I lit' opt I111ai VOW inal Ion tit
,O wt vat i onn wh it'll I vad I i i '; (	 10 a s', l ,'I'.1 1 , .11ltl I I" ql 1 1 , a I -I i t'll,l i t
t'liar a•'t t'1 1 '. l ion t'l	 t he t' 'ntlllt't iv itt v t't	 10 1 art h t .. 11ppvt Mani IV.
a. q, s
Hie It t l Iowin;; ta'il's .' : (1:111 I'l , pertoloit'tl I ' \' (lit • 1	 10"t or 1n I u I I i1Went
t't	 tilt' above t'It j t'i't Ike:
.1.	 Fs t' 11.11.1 IIom ?'.io,`al 	 ;atAIitt' I 	 t • t t nn rain a Ionr I't'1'iod
2`l ob.11 "rt'•poir;v ltillt't fell" l t'1' lilt' .tvt`fago Fai t h at lt't•' i al 11titit't; over
.l	 per !od
	 1 .11l}'.1li?l	 I 1 01;1 1+ llt'lil :;	 I t t .'I tlays.
5.	 :lYtl''Ilron i av tilt' M auii tla t o with low lat ilutlr pttt'uiltl itant'tl
oh s t'1'\'.!
 (t t l'\' data
	
ti t tit' l t- r i ilt'
	 lilt • \'t • 1't i ,'.1 I	 };1 'ad It'll(	 t'I	 l lit'	 10.1 .1 1 t't't ixro
Ill.lmutit' tit' i.1 t't'mpont'n l •.,	 r:w t he \'1'1l1 , • a I , i ad i tut	 ttl	 t lit • ap i t'itt' I at t'
t't'lliltt'nt•nts to Intivpvntlt•nl 1\ a`wvi taro 111(' Gt pdi .l l Ion Ul	 v%t t`rnd l anti
intt'rnaI 1 it'Id t'i'nt s iltnt ions.
C ,	 ( 111?', Ft'p;,lt t'	 l lit'	 :1. I' ;:;.I l
	
t' I t i t , l I t'mat"llt't l t'	 1t1'0t;I '0nt;t' 	 I till, , t I t'ililtt
,lt't't'rti i ns;
	
i
t ,	 (lit ,	1 t't' t t'll i t'	 1'0 ; ult' at	 t he I"I lA I! 1 .. , ;tl)A aCV .111(1 t'\',1 l lin I t'
:1\'1.irmativ tl il1t'1't'llt' o n t'i'lt vvu rvgi('11:1 ll.i\'in;; 1.1lt'ral :s a i t' wines on
thv ,'1'dor ttl
	 ll l i i l l 1xi t'1	 ;;2''.1 1 1'1
A	 '1'ht'ttrt'ticall\' t'\ • alnalr problems t'1 1'vaolntion and inwl't'1't'tatit'll
ilnvol\'inq vlt'oliom.1;•notic ilitltlt • l ion t't' lt'Alporal I\' and heat ial l\ val'\'ing
Ill, I0,11 't WapIIor it'	 Nt'lll't't'1 ; 	Ill a	 Iol a: ill?',	 lllllt'i't,'.'t'11t't'tll. 1;.11 tit as Observed at
athilraiv 1' t int', in :;face.	 Me lllt w lllt't'1't'( it'al stlltlit';t to t't'llnird111
tilt' intt't'I't"vta( ion it( ?1.i' ;al data as id y l I .In to I ' 1't'iwN v I urt Or ,111ltlit'a°-
tions tit
	 -,, att'li i' tt • °i'anni t'ivet1"1'magnt'l it' tIt't'i'^:;t'nndinq t'xi'1'1' 111U nis.
P.	 I n I t'gra t t' t lit' s't'y; l t'na l 1't'tsi'onst' i nno t ions w i l i1 t t 1 ilt'2' +;1'ttltll\'s it' a l
data in rider to 1'onstl'ain lilt' joint	 intt'Tl'2't'tat it'll tti t'Willtl't'Itt'nlsivo
Ihysit'al Hotel s,
1.	 l t rvpar y and 1+tll'i4i i l	 to '\AAA I t t'1' it t tl i t' i+l t t ;!1'vas rvporin .11111 a
Mailed 1 inal I't'rout d, , vlillvnl ill", tla' rvmulis t'l this invest igat ion.
It
v.. Ik'I t ri maLnl't 
I 
c In.1u. • l II I I . and tillur% , t , i Ik'Ikl I:I fk'rt ti 111 M.AWS.AT Pat .1
I I is .Idvant af,. 'kllvi Whon I • I l mpi 111 g 1 Vglamal magnet IV chat l q to he
. V I II it , ust- sat aI I I I v klatA Ilurinv per lods When the magnet Iv 1 iv Id I!,
modest Iv  tI k suvorvlY kli • .lWed.
	
It Is Ilk'evIssar\', thurk'1I l rk', to kvvviop
al 1;I I r it 1111 to I'k I t111 1 k'"sat v I 1 1ksouvvJ 1 Q I k1 kl.lt a for l he V f 1 eet s I I I t Imo
v.ir\ II11, ifl.Il;II( 't I( •	I+k l llrk'k'! .	 I I I	 k I X I rII.II	 IlrlIII	 II.II't ICIII,II'IV	 :Ik • I'I I IIIIt III
te l l IIIIssibll' Induct loll of It-, t . , 111 the calth tI11 • IManl • I'. 	IIMIN).
To i t lust rat	 r tmw I I I the k • I I I111 1 l i cat i o"n in such a prI I k • I'llure, a
series of	 t 11001 * 01 I1 .11 Ilk de l s has beer) III'k • ra'I1t I'll lot , 11orlllalll • I' 	( 1 I lti 1 .1)	 t It
i l l"ht r.ltI' the effects I I I external Dil l lll - I'k' 1 ields coupling to .III earth
I1.1\'II11', .1 1 Ill I1I' k ' k I I1duct IYit y .	 Am,mg till' cases considered aueS
1) Iltllul • t d o ll I'i ict N I" the Psi index such that a storm-t Imk'
k ll'I I t'lldc Ilt I'Ill'rk' • 1 V I II I actor need he applied (also discussedscu sed
bi..	 11"1 III.IIII • k'. 	 1 11 811 1 ) .
:) The I'/k ` k • t rI 1 111.11',Ilk't iv coupling of	 II111osphk'rik' current NYNtk'mt:
to both a 111 1 1111 I t',k'111'o"s earth I1.1\'ing finite k'Inlll l lk • tivit\'. .VIII
it, An earth havill?; gross I.IIur.11 variations III its k'I I Ild"c-
OWN structure, e.g. t1w I It • k`an-1And interface klicrmalll•I'.
10SICA).
II I cons l tit 'I- this IAt too I l rob Icm a now a  gor1t 11111 has been 11ovo II pvd
to .Illliivs q 1111' problem i l lust rated 111 ri l ',llro I. W. what .Irk` the
effects at satI'1lltk' aiiijimcn Illll' II I `:hoot c"rrvnt touicos in thl'
I I III I t s I I I 1k' r k' Wll i ch	 :Irk'	 I Ildut t t \'k' I \•	 1'111111 I I•k1	 t it	 1.1t I`ra I	 I' 11 1 0 t r i CA 1	 11t 1 t 01,0-
1',imvit iv q in the earth?	 f\'I I ical rk`n"It `• from our I1,QvI sIm"lat Nn lot'
ionosphericheric I'Imront!. Ito inn parallel to a representative geologic
disvont Inuit\' arc shown Ill rig"rk' 2. 	 rho Ill.it'nvl iv livid k'UIl1lh l nont 11x.
Itlk'asuretl ill the direction tit the sate) l ilk' I rall`aory Is plotted for
various situations.	 The top curve represents the fieldf i II as determined
:VIII .1 I I rot ilk' At till' earth's surface.	 The middle curve rvprl sv"ts
the livid of the source alone. 	 i he bottom-most k'llrvv represents the
field as observed at the satellite .11titudc.
	
Although the total 11 X
component At the satellite altitllllk' is an order of 111.11',11itude smaller
than At the rarth's stirlaro Qveausv of ranrAlat ion Meets from the
*Cop ivs I I I ahst rak't s at t ak•hk'11
Csource current) the anoma!uus behavior of the satellite observatlons as
they vehicle passes over the geologic contact. Is relativel y more pronounced.
'these resuits :t re encouraging for heIng able to discriminate among
gross Itt it) sp it , rIc xtr tit , tures hecause of ditferettcex in electrical
conductivit v.
	
ticuch studies complement parallel InvestigatIons determin-
ing, gross clIfferelives In mal,cnvt_ic propert ies.
Problems Encountered
A number of principal investigators are concerned with the poor
covorage of ground-based magnet is ohservatory d: ► ta during the MGSAT
mistiiott. Apparently tItIs Item "fell through the flour-hoard~" during
the initial planning of the III IssIon In that most PI's felt that "someone
else" was caking care of it.	 In retrospect we must all assume respon-
x[h111ty for not IdentIfvIng the problem earl y on and stressing the
need for this t y pe of data h:ise.
An Informal meeting of P1's was held to I:clinhurgh preceding the
1ACA Scientific Assembl y . .lohn F. Hermance was appointed to head up
an ad-hoc group to purrue this problem further. The status of this
activit y is attached as a separatr memo.
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Abstract of paper prt'svnted at Fo"rtll St'Ont I 1 Ic
Ammembiv " f IACA, Edinburgh, 14HI.
FLECI'hl ► MMINFI'lt' INDUCTION AND SOURCE FlFLn FI'I'FCTS IN MAGIA'1' DATA
.1. ^F. I'rrm,lnrr (Dvpartm,'nt of Wolot;lt'. ► I Sciences, Brown
tv vv 11	 t t v , i't • ov i da "Ce, RI	 11.'' 1 1 .'
It is advant,11',vo" g whe y compiling tvgion.lI mAgnvtir chaits to be able to
use Nmvilfiv data during pvulod q
 when t11t 1 1 .11`netic livid IN 111.destIY to svvvrvly
ill +t ► IIhvd.	 It is nv.'t'ssarv, thcrvloru, to dcvclop algorithms to compensate
, bsvrvvd livid dAla for t1w effects UI 1 lmo vA "i"	 111.11!"" tt' sources of vhter"al
t rlgin, pw ic"I.1Kv A.'co ► Illtl"g, for pov,ibl y induction vi lects 111 tnc vaut11.
ro ill"str.ito some of the tomplivitiv", in such a piloc,'dIIrt', a `cries of
t11toictical models is prt'sv"iod to illn-.tt.It y 111' vilovin of .'SturnAl source
l ivld q to"pl111 , to in vArth having a I I11Ito co11duct iv1t y .	 Among the cases co"-
Meted arc:
1) Induction vflvvts in tho Ic y ; Index such that a storm-time dependent
t'wi't 1.11 1,1.'tor Ilcvd hu app11cd.
2) The vIv t roitLli'net it coupling of ionospheric current 'tVNtt'm, to both it
1101110',i'iloou, cart 11 hav1111', t In11.' -o1ltlno 1v1tV, and to an cart 
	 hav1111',
gronq
 latrral vir1,1t 1on q in itb co"d11.'t ivit y
 titr"v ► 11o, v.r. tho ocva"-
land 1ntcrince.
1.	 John F. 1101,11lnrt.
Kpartrout of cvoloylval Scivnays
Hiown 1111vvrsit\-
Provioenco, RI	 0:01.1
t ,	VM - i
4.	 No v hvr i a l facilities
9.	 Or 11
u
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Q
Abst rat t 111 paper 1 1 r1 • mented at I'1 l llr1 h h1' ivrit i I i ('
AN'<1 • mhl y of IACA, Ninhut ) ' h 1 I4H1.
vi y iTr s1 1 1'hl.'I •. Fill IN IMP! 1'il TO LATFRAL CONBVCT IVITY
HI'fl'.It1WI%1 111VS
	
1 111 CYS 1 1 N	 AVI "!%c i"1'It'
C1:.1P10
	 ;i<Il' 1 1 1I I ` ti"1	 !\1't'hI}11NI'.
1 1 1'r" 1!11'1 , 	(:,	 .It!','t1I	 of	 N1 1 11'rli.11	 S o lo111'1'n 1 	 l i r,	 n
	
'. \'1, 1':1 t \' 1 	 :'1'11\' t1:1'nc o ,	 R I	 W I N,
	
St n11ivs of * 111' 1 I',IlJmil'.II 1'\'1 1 111111 1 11 111	 ti1 1 11r('1' Ii1•idw ill the Ionosphere and
111:1 )',111' 1 1'r•1•h(,1 ^'	 are	 Ill	 '	 u1\'	 1'.1 . 1' • .	 11111 1 1111 1 ,1( I 1' It'	 wit h 	 ) '• I1`h.1!	 ::('. 1 l 1'	 ,surf(' • •.	 I11	 sumo
l'.1::1'ti	 S1•llfl'1' I 11' 1.1'•	 1111.IIlrallt .• I : 1' 1I I111( • I1t:Iow; 1 Ill 1 1 th/IF:; ('1 1 111 . 1 cut N1'.I I1'
1 1 I • • t. At 11' 1' • .	 1 1 i	 .1	 11 ".i	 in ItI,III'kI	 1 . 111,	 1'\'1'11	 :II	 Ill i 11-I:It it 11111" : .	 1111'	 1 1 1 I S `• i1 1 11'	 1'i	 vct	 o
t h1':•(•	 1 111 i t ('	 :•1 1 111','1'	 1I i 11 11'tl' • 1 on"	 011	 111,1U1 t 1 1`11	 1'X1`1' 1' i I 111'llt :•	 t 111'. 1 • 	 1 ` r1'	 1'1`111 i Y1'	 r1 • -
I11'1:1'11 •;( , tilt Itl\' 1 	 i l .lrt 11'U I .IrI\' o q 111.1'11-::G((((((ill)'• 1111 • w"rcmcllts Arc 1 1-culormcd it
Ile r i oil
	
•:	 )'• r1'.It1• r 	 thin	 10 ` 	:,cc.	 the	 111.11,111 • t I 1'	 vat iat i1 1 11	 )'rad l,'u11 l ri1'	 t1'1'11nigl1G
•11 1 1 1 cart- : t,` :^111for from soul','(` 1 . 1 t1'1't:: .ii	 I1'ant	 an much,	 And 1`vr11.11 1 r rr1'•1t1'r than,
thG t`1.1);I1GIG1( illti'i1' 	 t1'1'uit'111G.	 1.111'11
	
Iinfic	 sourev	 10111••	 Arc ('1`111'1('11	 to	 1.1t1'ral
Ill'( oro1',o111' 1 I i us 1	 the	 1111 G I • .11't 11 1 11 1 1 1'1'GIh1'.•i quite ('1`171 1 11 • X.	 Wv li I I I	 1 cport	 on Our
1 1 r1 gross in ) ;1 nGr.ll i:lilig ► 111' interact Wn !1(•tt:GGn the spit 1.11 W.1Vc- II'n)tth GC the
tiGlI1GG I 11'l '! And till` ti('.11('-.Il.'1' GI	 lat1'ral	 111'l1'1'0)',1'l11'll VS.	 VhIs in used t1
1'V.lIAA 1 l' till' Condit 1( 1 11: : 	11111!1'1' 1;I1i1'h varits us 1 1 h1 . 11011011.l are 1111 1 1'(' 11Gtt1111ant	 that,,
Gth1•rs.
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